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Abstract: Morphostructural nodes in North Vietnam are delineated with the morphostructural wning ( MZ) 
method, and classified into seismogenic and non-seismogenic nodes. The compiled morphostructural map 
(scale 1: 1000000) shows a three-level hierarchical structure of blocks, boundary wnes, and nodes. The i-
dentified nodes are classified with the pattern-recognition algorithm CORA-3 into those that are prone to gener-
ate M;a::S. 0 earthquakes and those that are not. Some of the earthquake-prone nodes coincide with epicenters 
of M,.,5. 0 earthquakes that have occurred; others may coincide with such events in the future. 
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1 Introduction 
The observation that earthquakes often nucleated at 
certain nodes of intersecting faults was first obtained for 
the Pamir and Tien Shan regions [I] , and later for dif-
ferent tectonic settings. Talwani[2 '3 l found that large 
intra-plate earthquakes were related to fault intersec-
tions, where stress cumulates. Hudnut et al[ 4] and Gir-
dler and McConnel [SJ observed a correlation between 
earthquakes and intersections of plate boundaries and 
rift structures, respectively. King['] suggested that 
fault intersections provided locations for initiation and 
healing of ruptures. A model proposed hy Gahrielov et 
a! [7] implies that block interaction along intersecting 
faults leads to strain accumulation and secondary faul-
ting around the intersection, generating new faults of 
progressively smaller size , so that a hierarchical mosaic 
structure, essentially a node , is formed around the in-
tersection. 
The methodology of identifying nodes as possible 
source areas of earthquakes has been previously 
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applied to many seismic regions[t,s-t6J, and its relia-
bility has been demonstrated by recent earthquakes. 
According to Gorshkov et al[l2l, 90% of earthquakes 
of relevant magnitudes occurred at the nodes identified 
in pre-earthquake publications, and 84% of the events 
occnrred at the nodes recognized as prone to have large 
earthquakes. 
The identification of areas prone to have M ~ 5. 0 
earthquakes in North Vietnam has been carried out pre-
viously by applying the morphostrnctnral zoning ( MZ) 
th d [12,17,18] me o , which delineates morphostrnctnral 
nodes, i. e. the specific structures formed at the inter-
sections of fault zones. Also, pattern recognition algo-
rithm CORA-3 has been used to select the nodes with 
. ifi . . 'a![' 12] s1gn want se1smogemc potentl • . 
In this study, we applied the pattern-recognition ap-
proach to identifying earthquake-prone areas in North 
Vietnam, a region which is characterized hy complex 
and heterogeneous tectonic structure and topography. 
2 Method 
Our approach consists of two steps : Using the morpho-
structural-wrung ( MZ) method to delineate the nodes , 
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and using the pattern-recognition algorithm CORA-3 to 
classify of all mapped nodes into those where earth-
quakes of magnitude above a certain threshold are 
prone to occur, and those where they are not. 
2.1 Morphostructural-zoning method 
By using the MZ method[ 12 '17 '18l, a region is divided 
into a system of hierarchically ordered areas, each 
characterized by homogeneous present-day topography 
and tectonic structure. It delineates blocks (areas) of 
different rank ; their boundary zones , morphostructural 
lineaments , and sites where lineaments intersect, 
nodes. 
Large-scale geostructures ( e. g, the Alps ) devel-
oped by orogenesis and characterized by uniform oro-
graphic appearance are considered the first-rank units, 
mountain countries. They are divided into second-rank 
areas, megablocks, which are further divided into 
third-rank areas , blocks. 
A morphostructural lineament is a boundary zone be-
tween territorial units delineated by MZ[ 12l. There are 
no such lineaments in the absence of a recognized terri-
torial unit ( a block) . The rank of the lineament is de-
termined by the rank of the territorial unit bounded by 
it. MZ differs from the standard morphostructural anal-
ysis[19l, where the term "lineament" is used to define 
the alignments detectable on topographic maps or satel-
lite images. The lineament is locally defined and the 
existence of the lineament does not depend on the sur-
rounding areas. In MZ, the primary element is the 
block-a relatively homogeneous area, while the linea-
ment is the secondary element. The borders of the 
blocks form the lineaments. This means that the exist-
ence and the position of the lineaments are determined 
not locally, but as a part of a broad pattern ( Fig. 1 ) . 
If a certain alignment does not separate two topographi-
cally different areas, that alignment cannot be viewed 
as a lineament in MZ. 
The rank of the lineament depends on the rank of the 
area delineated by the lineament. Two types of bound-
ary zones are distinguished : longitudinal and transverse 
lineaments. The longitudinal lineaments are approxi-
mately parallel to the regional strike of the tectonic 
structure and the topography and, as a rule, include 
the prominent faults. In general, they are more evident 
than transverse lineaments, which go across the region-
al trend , and normally appear on the Earth ' s surface 
discontinuously and are represented by escarpments , 
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Figure 1 The sketch of main faults in Southeast Asia (Modified after P. H. Leloup, 2001) 
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rectilinear parts of river valleys, or partly by faults. 
Higher-rank lineaments include the wider zone of deep-
seated defonnation. For instance, Gvishiani et al [161 
and Cisternas et al1'l demonstrated for the Caucasus 
and the Western Alps, respectively, that the first- and 
second-rank lineaments can be associated with consid-
erable changes in the thickness and the configuration of 
Moho discontinuity, whereas the third-rank lineaments 
correspond to the escarpments in the crystalline base-
ment. 
The true size of a lineament zone can be mapped by 
fieldwork. According to our experience, the width of 
the first-rank lineaments varies from 5 - 8 km to 25 -
30 km[ts,t6 •181 , and it may vary along a given linea-
ment. 
The nodes are formed around the intersections or 
junctions of two or more lineaments. Lineament zones 
become wider at the nodes. They are characterized by 
a mosaic combination of various topographic forms and 
by an increased number of linear topographic forms of 
various strikes that reveal the instability of the area. 
River valleys within the nodes are represented by a se-
quence of rectilinear offset segments. Knee-like bends 
are characteristic of the river courses at a node. In the 
vicinity of nodes, tectonic faults branch out and/ or be-
come bent; sometimes a fault system merges into an-
other fault system with a different orientation. 
2. 2 Pattern recognition applied to the identifica-
tion of earthquake-prone areas 
In using the pattern recognition approach, one assumes 
that the nodes that have already had one or more strong 
earthquakes have a similar appearance as the nodes 
that have not. The goal is to classify all nodes delinea-
ted in a region into two classes : 
( 1 ) D, where earthquakes of magnitude M ;;. M0 
may occur; 
(2) N, where earthquakes of M <M0 may occur. 
Nodes are characterized by a set of topographic, geo-
logical and geophysical parameters , with values repre-
sented by a vector for each node. This set of vectors 
was the input for the CORA-3 pattern recognition algo-
rithm[I,IZ,I6] in this work. 
The application of this algorithm consists of two stages: 
( 1 ) learning stage - selection of the distinctive fea-
lures of each class on the basis of the training set com-
posed of D0 and N0 subsets, consisting of all the D and 
N nodes in the data sample ; 
( 2) classification stage - determination of the class 
to which each node belongs. 
The characteristic traits for D and N to be selected at 
the learning stage are as follows. 
Let l be the number of components of the binary vec-
tors representing the nodes. The trait is a matrix A de-
fined as: 
where i1 , i2 , i3 are natural numbers, such that 1 ~ i 1 
:S:: i2 :s:;; i3 :S:: l, and 81 , 82 , 83 are equal to 0 or 1. A 
node ( binary vector ) numbered i , &i = ( w~ , cv; , 
... , w:) posses the trait A, if 
The traits are selected with four parameters in the al-
gorithm k1 , k, k2 , k2 , which must be integer non-neg-
ative values. Let W be the set of all the nodes consid-
ered and K( W, A) the number of nodes w' E W that 
posses trait A. Trait A is a characteristic trait of class 
D, wbenK(D0 , A) ;;. k1 andK(N0 , A),.,k1 ; it is a 
characteristic trait of class N, when K ( N0 , A ) ;;. k, 
and K(D0 , A),.,!., 
The classification is made as follows. For each node 
w', the algorithm calculates the number n~ of the char-
acteristic traits for class D , the number n~ of those for 
class N, and the difference .4.i = n~ - n~. Class D in-
cludes the nodes w' for which .4, ;;.,4, while class N in-
cludes the nodes for which .4, < .4. a as well as k, ' 
1<1 , k, , and k, are parameters of the algorithm. 
3 Tectonic and morphostructural 
zoning of North Vietnam 
3. 1 Tectonic and morphological settings 
Vietnam is situated in Southeast Asia on Eurasia plate, 
under the influence the interaction between three 
plates; Eurasia, Australia-Indian and the Pacific. The 
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Australia-ldian plate collides with Eurasia plate in the 
Himalaya region and pushes the Indo-China block from 
the west and then the northwest side , while the Pacific 
plate subducts under Eurasia and pushes Indo-China 
block from the east. These forces opened up the Bien 
Dong ( South China Sea) 17 - 32 million years ago, 
and put the part of lithosphere in Southeast Asia and 
North Vietnam under compression and counter-clock-
wise rotation. 
North Vietnam (within the dash-line box in Fig. 1) 
is situated on Indochina and South China blocks, and 
sparated by the giant Red River fault zone, which 
splays from the eastern margin of the Tibetan plateau 
into four metamorphic complexes; Xuelongshan, Dian-
cangshan, Ailaoshan in Yunnan and the DayNuiCon-
Voi ( DNCV) in North Vietnam. 
Since the Cenozoic, the tectonic activity in the study 
area has been under the direct or indirect influence of 
the collision process between lndia-Autralian and Eura-
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sia plates in northwestern Himalaya , the subduction 
process on the east side along the volcanic island range 
of the Western Pacific, and the island-volcanic band of 
Sumatra-Java-Bocneo-east Timor. An additional influ-
ence since the beginning of the Paleozoic has been the 
internal movement of the continental lithosphere and 
crust beneath this region [2oJ. 
Our partition of the North Vietnam shows the block 
structure of the continental lithosphere in this area 
( Fig. 2) . Since tectonic deformation has been taking 
place mainly along the block boundaries , we divided 
North Vietnam into 3 major parts: the Northeastern di-
vision, the Northwestern division and the Red River 
fault zone. 
The Northeastern division: This division is a Cenozoic 
structure block developed inherently from a Precambri-
an structure to a Mezozoic fold. It is the southern part 
of Katazia continental margin which was created by mul-
tiple folded foundation from Pre-cambrian to Paleozoic , 
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Figure 2 A tectonic sketch of North Vietnam[20] 
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and then heavily modified in Mewzoic by the Katazia 
fold domain. It is restricted on the southwest by the 
Red River fault wne and gradually shifted to the conti-
nental shelf-domain subsidence in the south - south-
east. According to the morphological characteristics of 
the structural style , the amplitude of neotectonic de-
formation , the deep structures , and the terrain and 
modern expression of active tectonics in this division, 
it may be divided into two parts : the Viet Bac blocks 
on the north , which is dominated by the uplift process, 
and the linear An Cbau - Duyen Hai part, with the 
Song Thuong deep-fracture wne as a boundary in be-
tween. In general , the Viet Bac blocks are raised a-
bove its surrounding, being separated sharply by a fault 
system aged before Kainozoic and reactivated in Kaino-
zoic as a result of deformation of the higher structure-
block system. The elevation is highest in the northern 
part and gradually decreases toward the south and 
southeast. In addition, the fracture distribution of low-
level structures ( 2 rank and 3 rank ) builds up a 
scheme of arch form, with extension in eastern and 
southeastern direction. The above-mentioned features 
as well as the deep structural features make the differ-
entce between the Viet Bac block and An Chau - Duy-
en Hai block. 
The linear An Chau - Duyen Hai part consists of the 
synclinal Mezowic An Chau basin and the Duyen Hai 
anticline accumulatively formed from early Paleowic to 
Mezozoic. An Chau splays in NE - SW direction and is 
bordered on the west by the graben system of Red Riv-
er faults. This structure consists of a series of higher 
structures with axes in paralle with the main structure, 
and they form a slightly folded region. For example, 
the relatively low uplifted structures of Mau Son, Tam 
Lang, and Tarn Dao have the elevation over 1000 m, 
but at the marginal part towards the Red River Delta, 
sush as, Luc Ngan, and Red River plain, the eleva-
tion is around 500 to 200 meters. The Chau - Duyen 
Hai part is a typical morphological structure of bill-low 
mountains , a huge Mezowic synclinal filled by Mezozo-
ic deposition. The An Chau - Duyen Hai part is rela-
tively low (on average less than 500 m) and is divided 
in the north by Cao Bang - Tien Yen fault. 
To the south of An Chau is the anticline of Duyen 
Hai, which was created by some higher-ranked struc-
lures of domes and trough, which splay in the sub-lati-
tude direction, such as the mostly high structure of Yen 
Tu field ( Tan Mai ) with elevation increasing over 
1000 m, lying on a fold of Paleowic anticline. The syn-
cline Hon Gai was formed maiuly by sedimentary con-
glomerate, shale, and sandstone powder of T3n-r, and 
bas been strongly broken by the higher fault system. 
The Jurasic graben of Hacoi is located most outside. 
The northeastern division is formed as a large uplif-
ted structure with the top at the dome of Chay River -
Phu Tha Ca; its elevation gradually decreases toward 
the south and southeast, and is depressed at the Red 
River valley, Loi Chau, and Bach Long Vi. This uplif-
ted structure is complicated by the local subsidence 
trenches and raised raiubows , which have formed the 
foundation. 
The Red River Fault wne: This suture-wne between 
two continental structural domains plays an important 
role in southeast Asia, as it undergoes a long-term tec-
tonic evolution ; it revealed the complex development 
process during the Kanozoic period. It is a NW -SE 
strike-slip fault about 1000 km long, from the southeast 
comer of the Tibetan plateau to the Gulf of Tonkin and 
Bien Dong ( South China Sea) . This fault is commonly 
interpreted as having accommodated 500 - 1000 km of 
southeastward extrusion of Indo-China as a result of the 
indentation of India into Asia. Four metamorphic com-
plexes have been exhumed along the fault , the Xue-
longshan, Diancangshan , Ailaoshan in Yunnan, and 
the Day Nui Con Voi in North Vietnam. 
Morphologically the fault may be divided into two 
2nd-grade parts: the high-grade metamorphic rocks of 
uplifted - Day Nui Con Voi, developed from the bound-
ary of Vietnam-China up to the Viet Tri area ( Viet-
nam) with the high elevation over 1000 m; and the in-
traplate-rift of Red River trough, formed by the graben 
systerm of Red River, Lo River faults , showing rather 
clearly the characteristics of a rifting process. 
The Red River valley splays in a long narrow stroc-
ture with a wedge form ( in the south offshore of Bien 
Dong) , and it is controlled by the normal faults syste-
nn, as mentioned above. The subsidence reached a 
maximum of 13 km at the center, which continues into 
the Gulf of Tonkin, where the sea depth does not ex-
ceed 90 m. The structure inside of the valley has the 
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shape of grahen toward the center, created by the sys-
tem of normal faults in NW-EW direction , reaching the 
deepest area of the central valley of Dong Quan trough 
and the Gulf of Tonkin. On the other hand, the expan-
sion of the center trough related to the cross-system 
fractures has resulted in a set of radial fractures like a 
flower. 
The modern tectonic movements are mainly subsid-
ence at a rate of 2 mm/ year, and as a result , the Plio-
cene - Quaternary sediment is the 500 m thick, ac-
cording to measurement of bore-hole samples ( = 5 m. 
y) ; at the central valley outside the Tonkin Gulf the 
thickness is almost over 4000 m. The structural char-
acteristics and horizontal and vertical movements show 
that during the Kainozoi time the valley was formed by 
a combination of mechanisms : splitting - strike slip -
turning; the central part of Hanoi trough is dominated 
by rifting and strike slip, as a result of the presence of 
the flower structure. 
The Northwestern division: This division is located 
entirely in the Indo-China block, and its north side is 
adjacent to the South China block across the Red River 
fault. It consist of different types of hierarchy blocks ; 
Hoang Lien Son, Song Da, Song Ma, Muong Te, and 
North of Song Ca. 
The Hoang Lien Son block is an uplifted zone in 
NW -SE direction bordered on the east side by the Red 
River fault. Its highest area is ahove 3000m, having 
been elevated a total of over 5000 m in Neotectonic pe-
riod. This block developed on the basement of a Pre-
cambrian folded structure, which was strongly reactiva-
ted in Mz and Kz time by the Cretacoius volcanic extru-
sion of Tu Le basin and the Pleogen granitoit intrusive 
activities. This block can be further divided into the 
third-rank blocks of Phan Si Pang, Tu Le, Hung 
Kbanh , Tu Ly , Hoa Binh , Kim Boi. 
The Song Da block is located to the south of Hoang 
Lien Son across the major faults: Phong Tho, Than 
Uyen, Muong La-Bac Yen- Cho Bo, Da river and Son 
La. This block is formed by the complex tectonic as-
sembles of Da and Son La of late-Triassic age. The in-
ternal structure of the system was formed in Kainozoic 
time, and can be classified further as : Ta Phinh , Son 
La, Central area, Pu Sam Cap and Cue Phuong. It 
borders with the Song Ma block to the South across the 
deep-seated Son La fault. 
The Song Ma block has the major faults Tuan Giao, 
Son La, and Bim Son, and has the highest seismic ac-
tivity in the northwestern region. The folded basement 
of this block was estahlished from late - Proterozoic to 
early -Paleozoic of different tectonic assembles of Nam 
Co, Song Ma and Thanh Hoa. This block is borderd to 
the west by the large active sinistral-fault of Lai Chau-
Dien Bien. It has undergone transformation during late-
Paleozoic to the end of Mezozoic periods. It includes 
higher-order blocks : Sin Ho , Susung Chaochai , 
Muong Ang, Sop Cop and Thanh Hoa. 
The Muong Te blocks on the west side of Lai Chau -
Dien Bien fault, which is also the boundary between 
the Song Ma and Muong Te blocks. Its basement is 
formed by the complex tectono-stratigraphic assemblage 
of Pusilung and Muong Te, which was consolidated 
during the lndosinia tectonic regime to create the conti-
nental-complex deposition Molas of Jurasic , Cretaceous 
and possibly Paleogen. The Kainozoic tectonic activity 
that took place in this block seems to have been of 
moderate intensity. It includes smaller blocks of Pusi-
lung, Muong Mo, and Muong Nbe, which were devel-
oped during the Mesozoic. 
The North of Song Ca block is located to the west of 
the Song Ma blocks across the major faults of Ma Riv-
er, Fumaytun, Sop Cop, Quan Son and Ba Thuoc -
Lang Chanh. The basement of the active fold of this 
system is coherent in the end zone with Proterozoic tec-
tonic activity. The magmatic processes in this block oc-
cured in the dilatation structure of tafrogen in the Trias-
sic and Jurasic. The Kainozoic tectonic activities are 
clearly reflected along the boundaries that dilineate 
Quan Son, Ba Thuoc - Lang Chanh and Song Ca; they 
created the grahen , which has been filled up by the 
Neogen and Quaternary deposits. 
3. 2 Morphostmctural zoning 
Based on the combined analysis of topographic and tec-
tonic maps, satellite photos , and relevant publications , 
a morphostructural map of North Vietnam has is com-
piled at the scale of 1: 1000000 (Fig. 3). According 
to the MZ principle["] , this territory was divided into 
two large-scale tectonic units, namely, the South Chi-
na block and Indo-China block, by the first-rank linea-
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ment corresponding to Red River fault zone ( RRFZ) . 
Apart from the difference in Neotectonic structure and 
geologic history, these blocks differ in recent topogra-
phy. These blocks, as first-rank units called mountain 
countries, are further divided by the second-rank linea-
ments into 6 mega-blocks ( 1 - Muong Te; 2- Hoang 
Lien Son; 3 - Northwest region, an elevated plateau; 
4- Viet Bac , a hill chains and transition zone between 
plateau and RR delta; 5- An Chau - Duyen Hai; 6-
Red River delta) and by the third-rank lineaments of 1 
to 51 (Fig. 4). 
The mega-blocks differ in elevation and in dominant 
orientation of ridges that compose these mega-blocks. 
The second-rank lineament separating mega-block 1 
from mega-block 3 corresponds to the Dien Bien Phu 
fault. Mega-block 4 includes a chain of NW -SE-orien-
ted hills divided by rivers and an elevated plateau with-
in the South China block. Mega-block 6 includes flat 
lowland areas within the Red River delta filled with re-
cent alluvium. 
The third-rank lineaments control local sharp altitude 
changes of individual ridges that compose the mega-
blocks. They are traced along elongated scarps and/ or 
rectilinear segments of river valleys that are usually 
fault-dominated m tectonically active environ-
ments[21'22l. Most of the 3rd-rank longitudinal linea-
ments also correspond to tectonic faults shown on tee-
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tonic map of Vietnam[25 J. In total, MZ has outlined 
134 intersections of lineaments ( Fig. 4) , and we con-
sider each of them as a node. These 134 nodes form 
the data set for our pattern-recognition study. 
4 Nodes and earthquakes of M~S. 0 
4.1 Seismicity pattern 
Six seismogenic zones have been recognized in North 
Vietnam , based on analysis of seismicity and some oth-
er distinct features , such as focal depth , thickness of 
seismogenic layer, and length of active period [23 ] : 
VietBac ( I ) , Dong Trieu - Cam Pha ( II ) , Red 
River ( ffi ) , Song Da - Song Ma ( N ) , Muong Te -
Dien Bien ( V); and Song Ca - Rao Nay (VI). We 
used an earthquakes catalogue[ 24J , which is based on 
historical earthquakes , earthquakes investigated in 
public , and earthquakes recorded by seismic networks 
of Vietnam as well as by ISC , NElS, NOAA between 
about 1000 and 2008. 
The Viet Bac seismogenic zone : There were 5 earth-
quakes of magnitude Ms;:::: 5. 0 in this zone with focal 
depths of about 7 - 19 km ; the thickness of the seis-
mogenic layer here is around 12 km. The number of 
small earthquakes recorded in this zone has increased 
understandably with increasing number and quality of 
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Figure 3 Mega-blocks in North Vietnam defined with MZ The thick 
line marks the first-rank lineament, and the thin lines show the 2nd-rank 
lineaments that separate mega-blocks ( 1 - 6). 
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Figure 4 Morpho-structural map of North Vietnam and its adjacent 
The thick line is the lineament of the first rank; medium lines are the lineaments of the second rank; thin lines , 
the lineaments of the third rank. Solid lines are the longitudinal lineaments ; dash lines are the 
transverse lineaments. Rose dots show earthquakes of M~5. 0. 
seismic stations. 
Dong Trieu - Cam Pha seismogenic zone: There were 
4 events of magnitude Ms ~5. 0, including a historical 
Ms5. 5 event in February, 1355; the most destructive 
was the Ms5. 9 Bac Giang event at a depth of 28 km on 
December 6, 1961. Most hypocenters were 9 -21 km 
deep, or in a crust layer about 12 km thick. 
Red River seismogenic zone : There were 8 events of 
magnitude Ms ~5. 0 at depths of 5 km to 20 km in the 
granite and basal layers of the upper crust. 
Song Da - Song Ma seismogenic zone : There were 2 
earthquakes in this zone, which were most destructive: 
The Ms6. 7 Yen Dinh - Nho Quan earthquake on June 
1 , 1635 and the Ms6. 7 Tuan Giao earthquake on June 
24, 1983. With the occurrence of 11 events of Ms ~ 5 
and many smaller earthquakes , this seismogenic zone 
is the most dangerous in North Vietnam. The focal 
depths vary from 3 to 20 km , but those of the strong 
earthquakes of Ms ~ 5. 0 concentrated in the range of 
10 to 20 km. 
Muong Te - Dien Bien Seismogenic zone : There 
were 7 earthquakes of Ms = 5. 0 to 5. 7, 25 of Ms = 4. 0 
to 4. 8, and 49 of Ms = 3. 1 to 3. 9 by the end of 
2000[ 23 ] , including a destructive Ms6. 8 earthquake 
that occured on Jan. 1 , 1935 at Dien Bien. The focal 
depths were in the range of 2 - 25 km, thus a seis-
mogenic-layer thickness of 23 km (from 2 to 25 km) . 
The small events with Ms < 4. 9 are normally in 20 km 
in depth , while the larger events ( M s > 5 ) are in 15 to 
25 km. 
Song Ca-Rao Nay Seismogenic zone: The seismic 
network observed two earthquakes of Ms = 5. 1 and 
5. 2, more than 15 of Ms = 4. 0 to 4. 9, and 15 with 
Ms = 3. 1 to 3. 9[ 23 ] , the most destructive being the 
historical Ms6. 0 Vinh earthquake on 1821. The main 
shocks occurred at focal depths from 7 to 20 km in the 
upper granit-basallayer. 
4. 2 Correlation between nodes and earthquakes 
Since the nodes were outlined from cartographic 
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sources without field investigations, their natural 
boundaries have not been defined. Here, as in previ-
• • • [lo 121 d fi d . I f ous mvestlgatlons ' , we e ne a no e as a crrc e o 
25 km in radius , centered at the point of intersection of 
the lineaments. According to this definition, each 
point of lineament intersection is a node, but, in real-
ity , two or three closely situated intersections may be-
long to the same node. For instance, in Greater Cauca-
sus , MZ defined 101 intersections , while the field 
mapping of node boundaries came up with only about 
65 nodes ; this means that many nodes consist of more 
than one intersections[ 12 ' 15 ' 16J. Recently, Gorshkov et 
al [ 141 made an attempt to map the geometry of the 
nodes in the Alps-Dinarides junction zone, using large-
scale cartogrsphic sources. 'This approach avoids the o-
verlapping of the circles in areas where intersections 
are located close to each other, but it needs further for-
malization. 
In this work, we recognized the earthquake-prone 
nodes by the occurrence of M;;. 5. 0 earthquakes[26J. 
As seen in figure 4 , the epicenters of these earthquakes 
are located near (within 25 km) the identified nodes. 
Thus, it is possible to apply the pattern-recognition 
method to node classification. 
5 Recognition of nodes prone to have 
M~S. 0 earthquakes 
5. 1 Selection of the training sets for the CORA-3 
algorithm 
At the learning stage, all the nodes were divided a pri-
ori into three sets: 39 D0 nodes situated closest to the 
epicenters listed in tsble 1 ; 70 N0 nodes farthest away; 
and 25 X nodes at intermediate distance not to be used 
for the selection of the characteristic traits. 
5. 2 Parameters of the nodes used for pattern rec-
ognition and their discretization 
To apply the pattern recognition technique, a uniform 
parameterization of the nodes in the form of a common 
questionnaire is needed. In general, the questionnaire 
should reflect the tectonic and geological characteristics 
responsible for the present-day seismic level. All the 
parameters used should have the same accuracy for the 
entire study region. 
Here, we use the parameters listed in tsble 2. Apart 
from parameters related to magnetic anomalies , all of 
them have been used for the recognition of earthquake-
prone areas in previous investigations. Among many 
parameters that have been tested, the ones listed in 
tsble 2 were found to be sufficiently informative for 
identifying the seismogenic nodes ( see the review of 
this problem by Gorshkov et al[l2]). 
The parameters describing the topographic altitudes 
and the area of soft sediments (Tab. 2) characterize 
indirectly the contrast and intensity of the present-day 
tectonic movements , while those describing the density 
of lineaments, gravity, and magnetic anomalies can be 
related to the degree of crust fragmentation and hetero-
geneity. The values of the parameters were measured 
within 25 km of each node from available topographic , 
geological, grsvity and magnetic maps as well as from 
the compiled MZ map ( Fig. 4) . 
Since the CORA-3 algorithm operates in a binary-
vector space , the measured values of the parameters 
were transformed into the binary -vector space by dis-
cretization and coding. The range of the value of each 
Table 1 Classification and number of nodes in eacb class ( D0 , N, , X) 
Class 
D, 
N, 
X 
The number of nodes in each class 
1,5,16,~,M,~,TI,U,32,33,%,TI,39,41,~,#,%,G,~,~,~,59, 
66, 67, 68, 70, 77, 78, 88, 90, 92, 107,108,116,119,121,122,127, 132 
2, 3, 4, 6, 7, 9, 10, 11, 12, 17, 18, 19, 20, 21, 25, 29, 30, 31, 34, 40, 51, 56, 57, 
60, 61, 62, 63, 64, 69, 73, 74, 75, 79, 80, 81, 82, 83, 84, 85, 86, 87, 91, 93, 94, 
95, 96, 97, 98,100,101,102,103,104,105,110,111,112,113,115,117,120,123, 
124, 125, 126, 128, 129, 130, 131' 133 
8, 13, 14, 15, 23, 38, 35, 42, 45, 47, 49, 53, 55, 58, 65, 71, 72, 76, 89, 99, 106, 
109, 114, 118, 134 
Total numbers 
39 nodes 
70 nodes 
25 nodes 
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Table 2 Parameters used for pattern recogoition and thresholds of discretization 
Parameters 
A) Topographic parameters 
Maximum topographic altitude, m { Hmax) 
Minimum topographic altitude, m ( Hmin) 
Relief energy, m (H) ( Hmax - Hrnin) 
Distance between the points Hmax and Hmin, km ( L) 
Slope, (H/L) 
B ) Geological para=ters 
Thresholds of discretization 
1397 1784 
195 
1212 
9.8 15 
97.85 
The portion of the node area covered by soft (quaternary) sediments, % , ( Q) 
C) Para=ters from th£ morphostructural map 
0.45 
The highest rank of lineament in a node, ( HR) 
Number of lineaments fanning a node, ( NL) 
Distance to the nearest 1st rank lineament, km, ( Dl ) 
Distance to the nearest 2nd rank lineament, km, ( m) 
Distance to the nearest node, km, ( Dn) 
D) Morplwlogical para=ter (Mar) 
2 
2 
52.2 124.8 
32 62 
23. 1 
This parameter is equal to one of the following six values in accord with the morphology within 
each node: 
1 - mountsin and plain ( m/p) 
2 - mountsin and piedmont ( m/pd) 
3 - mountain and mountain ( m/m) 
4 -piedmont and plain ( pd/p) 
5 -piedmont only ( pd) 
6 - plain only ( p) 
E) Gravity parameters 
Maximum value of Bouguer anomaly, mGal , ( Bmax) 
Minimum value of Bouguer anomaly, mGal, ( Bmin) 
Difference between Bmax and Brnin, mGal , ( .lli) 
F) Magnetic parameters 
Maximum value of magnetic anomaly, nT, ( Mmax) 
Minimum value of magnetic anomaly, nT, ( Mmin) 
Difference between Mma:x and Mrnin, nT, ( Ml) 
parameter was divided into two or three parts ( interval 
open to the left) by specifying one or two thresholds of 
discretization. This led to the loss of some information 
but it made the results of the recognition more stable a-
gainst the fluctuations in the data. One-threshold dis-
cretization considered two intervals of the real values, 
which were converted into one binary component with 
the value 1 ( " small" ) or 0 ( " large" ) . Correspond-
ingly, in two-threshold discretization the real values of 
the parameters were converted into two binary compo-
-92 -56 
-114 -82 
16 27 
10 
-130 
60 130 
nents with the values 11 ("small"), 01 ("medium") 
or 00 ( " large" ) . 
The discretization was done with the a priori division 
of the nodes into subsets D0 and N0 • The thresholds of 
discretization are listed in table 2. 
5. 3 Recognition of nodes prone to have M"" 5. 0 
earthquakes 
The nodes were classified by CORA-3. With k1 = 6, 
k = 2 , k2 = 16 , and k2 = 1 , the algorithm selected nine 
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D traits and twelve N traits (Tab. 3) , controlling the 
classification given in table 3, when L1 =0. The classi-
fication reported in the table is the most stable ones 
compared to others defined hy different k1 , k,, k2 , k,. 
Of the 134 nodes , 92 ( 68% ) were classified as D and 
42(32%) as N. D was formed by 36 objects originally 
in D0 , 37 originally in N0 , and 19 belonging to the set 
X. The D nodes are shown by circles in figure 5. The 
nine parameters including the decision rule (Tab. 3) 
are essential for the recognition. 
All earthquakes with M;a. 5. 0 recorded in North Vi-
etnam (Fig. 4) are close to the D nodes. 
6 Discussion and conclusions 
In this section, we focus on the analysis of the recogni-
tion of the nodes prone to have M~5. 0 events, inclu-
ding the spatial distribution of D nodes and the inter-
pretation of their characteristic traits. 
All earthquakes of M;;;. 5. 0 reported in catalogs are 
related to recognized D nodes ( Fig. 4 ) . Those D 
nodes , where no earthquake of M ~ 5 has been recor-
ded yet, are also recognized. 
At the learning stage the algorithm CORA-3 selected 
five D-traits and eight N-traits (Tab. 3) that discrimi-
nate seismogenic nodes (D) from nonseismogenic ones 
(N), with respect to a target magnitude of M = 5. 0. 
The traits include nine parameters out of 18 that were 
used for the description of the nodes (Tab. 2). The 
magnetic anomalies that were tested in the study region 
turned out to be not informative for discriminating D 
and N nodes. 
Table 2 shows that the D nodes differ from the N 
nodes mainly in morphology, grsvity anomalies and 
highest rank of lineament at the nodes. High values of 
the Bouguer anomaly ( Bmax .;; - 92 mGal) are char-
acteristic to D nodes, while smaller values to N nodes 
( Bmax > - 92 mGal) . Trait N! 4 in table 3 indicates 
that some of D nodes include lineaments of the 1st or 
2nd rank. That means these D nodes are located on the 
boundaries of the larger blocks (Fig. 4). 
Table 3 Characteristic traits of D ami N nodes in Nortb Vietnam 
Parameters 
No Hmax L Dl m Bmax Bmin 
(m) (krn) dH/L HR (km) (km) (mGal) (mGal) Me< 
D-traits 
I ..;1397 ~ -92 > -114 
2 >97. 85 > 124.8 :::::;;62 
3 ..;97. 85 ..;124. 8 =s:;;32 
4 ..;97. 85 1st or 2nd ..;124.8 
5 >IS ~97. 85 :E;52. 2 
N-traits 
I >-92 > -114 m/p or m/pd 
2 ..;124. 8 >-92 m/p or m/pd 
3 >52.2 >-92 m/p or m/pd 
4 3rd >-92 m/p or m/pd 
5 >9.8 >-92 m/p or m/pd 
6 ..;124. 8 ~62 m/p or m/pd 
7 >97. 85 ..;124. 8 m/p or m/pd 
8 ..;97. 85 >52.2 >-92 
No.2 Nguyen Huu Tuyen,et al. Recognition of earthquake-prone nodes, a case study for North Vietnam (M~5. O) 25 
19.30"N '--------------'----------'----------'---------'------------' 
102"E 103"E 104"E 105"E 106"E 107"E 
Figure 5 Earthquake-prone areas in North Vietnam and its adjacent 
Circles show D nodes prone to have M ;:3: 5. 0 events ; not circled are N nodes. Lines and 
dots are the same as those in figure 4. 
This study has demonstrated that the pattern-recogni-
tion approach to identifying earthquake-prone areas is 
applicable to North Vietnam, which is characterized by 
complex and heterogeneous tectonic structure and to-
pography. The performed recognition has pointed out a 
number of D nodes where moderate events have not 
been recorded up to now. This shows a need of inter-
disciplinary study to explain how the structure and the 
dynamics of the lithosphere in the region have brought 
about the seismogenic nodes into existence at the sites 
identified in this work. 
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